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During surgery for functional mitral regurgitation (FMR), tethering of the posterior mitral leaflet (PML) is a major cause of residual or recurrent FMR, especially after aggressive annuloplasty. 1 We have previously described the concept of a novel repair technique and echocardiographic method. 2 We report on the techniques and clinical outcomes.
METHODS
A total of 16 patients (mean age, 67.8 AE 0.9 years; 12 men, 6 with ischemic cardiomyopathy and 10 with nonischemic cardiomyopathy) had undergone surgery for FMR to alleviate heart failure in the previous 24 months. All the patients underwent standard cardiopulmonary bypass.
For each papillary muscle, the papillary heads that support the PML (posterior head) were approximated to the head that supports the anterior mitral leaflet (AML; anterior head) using pledgeted polytetrafluoroethylene sutures after placing annuloplasty sutures for better exposure (Figure 1, A) . Next, the suture arms were passed through the midanterior mitral annulus using a large needle (Figure 1, B) .
After mitral annuloplasty using a semirigid ring with the AML size, the sutures were passed through the ring and tied after length adjustment by pulling the sutures until the approximated papillary heads came 4 to 8 mm closer to the annulus (Figure 1, B) .
The concomitant procedures included coronary artery bypass grafting in 5 patients, aortic valve replacement in 5, tricuspid annuloplasty in 3, and the Cox-Maze procedure in 3 patients.
RESULTS
No hospital/late deaths or major complications occurred. The New York Heart Association functional class improved from 3.8 AE 0.4 preoperatively to 1.6 AE 0.5 at 1 month postoperatively (P <.001 vs preoperatively).
The hemodynamic results and left ventricular function/ dimension are listed in the Table 1 . Postoperatively, FMR, left ventricular diastolic dysfunction, and AML tethering improved, and PML one did not aggravate. There was no finding of mitral stenosis.
The hemodynamic and clinical benefits were well maintained at the last follow-up visit. In the 7 patients with more than 12 months of follow-up, the New York Heart Association class was 1.6 AE 0.5, mitral regurgitation grade was 1.1 AE 0.9, left ventricular diastolic dysfunction was 56 AE 9 mm, and left ventricular ejection fraction was 38% AE 17%.
DISCUSSION
During surgery for FMR, PML tethering remains an unresolved issue. To our knowledge, the ''chordal translocation'' method, in which the anterior head of each papillary muscle was resuspended to the midanterior annulus using polytetrafluoroethylene sutures is the only method reported to alleviate PML tethering. 3 However, its efficacy has been limited.
The ''sandwich method,'' as reported by Ishikawa and colleagues, 4 in which the anterior and posterior heads of each papillary muscle are simply approximated, motivated us to perform a pilot study using echocardiography and computed tomography. That study revealed that the AML and PML heads separated during systole in patients with FMR but they came closer during systole in healthy people.
Thus, we added the sandwich method to the chordal translocation to alleviate PML tethering more efficiently (''papillary head optimization''). Using this method, tethering of the AML was alleviated well and that of the PML tended to improve. The benefit for the PML might be more obvious when we consider that PML tethering becomes worse after simple annuloplasty. 1 However, if the preoperative left ventricular dysfunction is too extensive, the benefit of the surgery might be limited.
CONCLUSIONS
Papillary head optimization might help to alleviate posterior leaflet tethering and mitral regurgitation.
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CASE REPORT
A 41-year-old man developed from recurrent PV stenosis induced by frequent catheter ablation for atrial fibrillation. Three-dimensional computed tomography showed restenosis of the bare metal stent in the left upper PV, complete occlusion of the left lower PV (LLPV), severe stenosis of the right upper PV, and mild stenosis of the right lower PV (Figure 1, A) .
Under cardioplegic arrest, the left side of the left atrium was opened, and the bilateral PVs were inspected. The intima had grown extensively over the stent, covering the orifice of the LLPV. After removal of the stent, the left upper PV, LLPV, and right upper PV were reconstructed using patchplasty with autologous pericardium treated with 0.6% glutaraldehyde. Postoperative 3-dimensional computed tomography demonstrated a successful outcome with wide opening of the bilateral PVs (Figure 1, B) .
At 5 months after the initial operation, restenosis of 3 repaired PVs was confirmed by 3-dimensional computed tomography. Reoperation was performed for recurrence 
